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Very 

Difficult

ObservationsObservations

Solution of the radiative transport equation.

Couple NIST Fire Dynamics Simulator to Structural Analysis.

Spatial and Temporal scales.

Numerical Techniques.

Complexity of Individual Codes.

Sub-grid scale model : plane layer analysis.

Fireproofing thickness, variability, damage.

Fire Dynamics
CFD

Thermal Analysis:
FEM

Stress Analysis, 
Failure : FEM

“Coupled Fire Dynamics and Thermal Response of Complex Building Structures”, Kuldeep
Prasad and Howard Baum, Proceedings of the Combustion Institute, 30 (2005) 2255-2262.
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North Tower : Severe Case

North Face

Temperature C

Federal Building and Fire Safety Investigation of the World Trade Center Disaster, NIST NCSTAR 1-5G. September 2005.



Enhancement to
Fire Structure Interface (FSI)

• As the structural model deforms, the 
thermal models also evolve simultaneously. 

• Change in boundary conditions for thermal 
model due to large structural deformations.

Fire Dynamics
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One way coupling between 
thermal and structural models

Two way coupling between 
thermal and structural models

Thermal model

Structural model

thermal data thermal data displacement 
data 

Thermal model does not deform.
No change in  incident  flux.

Thermal model tracks structural 
model. Incident flux changes as 
structure deforms.
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Enhancement to
Fire Structure Interface (FSI)

• Generalize the FSI software.
• International collaboration : Validation.
• Cardington Test, UL Test.
• SAFIR, LS-DYNA.
• Fully coupled fire – thermal – structural analysis for 

predicting collapse under extreme loads.

Fire Dynamics
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2-D multi-story frame with fire loading

• Need to develop mathematical models and numerical techniques to
overcome these difficulties.

• Sensitivity of the analysis to input parameters.

• Simple model for predicting reserve capacity as a function of time.
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